The genomic contents of Helicobacter pylori strain C1 from a patient with gastric cancer and strain 98587 from a patient with duodenal ulcer disease were compared using a rapid subtractive hybridisation approach. A total of 11 tester-specific sequences representing gene specificity, DNA rearrangement and sequence variation were identified. This included two novel sequences, clone P32 and clone F5, which have no significant homologue in the database. H. pylori strains positive for clone P32 were less prevalent in patients with gastric intestinal metaplasia (12.5%) than in duodenal ulcer (39.1%) (p = 0.036), or chronic gastritis (38.1%) (p = 0.036). The results suggest that H. pylori clone P32 is potentially a useful marker for distinguishing intestinal metaplasia associated strains from others.
Introduction
Helicobacter pylori is a bacterial pathogen that persistently inhabits the human stomach. Colonisation by the bacterium induces inflammation of the gastric mucosa that may progress into peptic ulcer diseases or adenocarcinoma of the stomach in a fraction of individuals [1] [2] [3] . Human gastric carcinogenesis is a multi-step process from normal mucosa through gastritis and atrophy to the precancerous lesions of intestinal metaplasia and dysplasia [4] . Bacterial factors contributing to the development of precancerous lesions and adenocarcinoma are not well understood.
The bacterium injects the CagA protein into epithelial cells by a type IV secretion system encoded by the cag pathogenicity island [5, 6] . Translocated CagA is tyrosine phosphorylated on EPIYA motifs, consequently interfering with the signaling pathways of host cells. This induces the reorganisation of the actin cytoskeleton, which is associated with the hummingbird phenotype [7, 8] . Some strains of H. pylori secrete a cytotoxin, namely vacuolating cytotoxin (VacA) [9] . This cytotoxin is capable of inducing apoptosis and vacuolation formation in epithelial cells [9, 10] . The cagA+ strains, which also usually possess a vacA s1 allele, induce a more intense inflammatory response from the gastric mucosa than the cagAÀ strains [11] . Individuals infected with a cagA+ strain of H. pylori has an increased risk of developing peptic ulcer disease or gastric cancer [12, 13] . Genetic diversity is of importance in determining the specificity of bacterial colonisation, persistence or disease outcomes. A comparison of the two H. pylori genomes reveals that approximately 6% of the genes in each genome are unique (strain-specific genes) [14, 15] . The number of strain-specific genes in each H. pylori strain was much greater when the genomic contents were examined in more strains [16] . Nevertheless, the nature and extent of the genetic diversity among clinical strains of H. pylori from patients with gastric cancer or precancerous lesions are unclear. In this study, we aimed to characterise the genetic diversity of strains from gastric cancer or gastric intestinal metaplasia in comparison to strains from duodenal ulcer and finally to identify the bacterial genetic traits potentially associated with development of gastric cancer.
Materials and methods

Bacterial strains and growth
The tester was H. pylori strain C1, which was isolated from a patient with distal gastric cancer of intestinal type. H. pylori strain 98587 [17] was used as the driver which was isolated from the antrum of a patient with duodenal ulcer disease. Other H. pylori strains used in this study included strains from patients with gastric cancer (n = 3), intestinal metaplasia (n = 24), duodenal ulcer (n = 22) and chronic gastritis without intestinal metaplasia (n = 21). Histology diagnoses were according to the criteria of the Updated Sydney System. All strains were cultured from the antrum of patients. H. pylori was recovered from frozen stocks and grown on blood agar
XhoI digestion
Tester library
Hybridisation
Ligation
Adaptor ligating and PCR
Adaptor ligating and PCR
Tester amplicons
Driver library
Vector cut with XhoI Subtracted DNAs
Vector with tester specific sequence plates containing 5% defibrinated horse blood under microaerobic conditions at 37°C. A microaerobic atmosphere was generated using a CampyGen sachet in a gas pack jar.
Rapid subtraction hybridisation
The procedures were carried out essentially according to the report of Jiang et al. [18] . A schematic of the approach is shown in Fig. 1 . One microgram of tester genomic DNA from strain C1 and driver DNA from strain 98587 were each digested to completion with 10 units Sau3 AI, purified and resuspended in 10 mM Tris-HCl (pH 7.5). The digested DNA was mixed with primers XDPN-14/XDPN-12 (Table  1 ) (final concentration, 12 lM) in 20 ll of ligation buffer, heated at 55°C for 1 min, and cooled to 14°C over 1 h. Following adding 3 ll of T4 ligase (5 units ll À1 ) to the mixtures individually, ligation was carried out at 14°C overnight. The ligated DNA mixtures were purified and resuspended in 100 ll of 10 mM TE buffer (pH 7.0). The PCR reaction mixtures were set up as follows: 1 ll of the ligated DNA mixture, 1 lM dNTPs, 10 lM XDPN-18 (Table 1) , and 1.5 units of Taq polymerase. The parameters for PCR were 1 cycle for 5 min at 72°C, followed by 35 cycles for 1 min at 94°C, 1 min at 55°C, 1 min at 72°C, and 1 cycle for 5 min at 72°C. The PCR products were pooled and purified. The amplicons from driver DNA were directly used as the driver DNA library. Ten micrograms of the tester PCR products were further digested with XhoI, purified and resuspended in 10 mM Tris-HCl (pH 7.5). The tester DNA library was then constructed. Hundred nanograms of DNA from the tester DNA library was mixed with 6 lg DNA of the driver DNA library in 10 ll of hybridisation buffer [0.5 M NaCl/50 mM Tris, pH 7.5/0.2% SDS/40% (v/v) formamide]. Following boiling for 5 min, the mixture was hybridised at 42°C overnight. The hybridised mixture was then extracted and resuspended in 20 ll of 10 mM TE buffer (pH 7.0).
Preparation of the subtracted library
Four microlitres of the hybridised products were ligated with 100 ng of XhoI-digested pCRII vectors for 1 h at room temperature and transformed into TOPO 10F Escherichia coli bacterial cells.
Dot-blot analysis
Bacterial colonies were picked randomly and grown in liquid media. Plasmids were extracted from bacterial cells and digested with XhoI. The inserts were purified from the agarose gels and spotted onto nylon membranes which were probed with Sau3A I digested and digoxigenin (DIG)-labeled tester or driver genomic DNA and detected using DIG-high prime DNA labeling and detection starter kit following the manufacturerÕs instructions. The candidate clones specific for tester strain C1 were selected for determination of their sequences.
Sequence analysis
Sequences of the tester-specific clones were determined on both strands. Homology searches were performed using the blast suite of programs [19] . The Clustal W algorithm [20] was used for sequence alignment. 
PCR amplification
The distribution of tester-specific sequences in strains of H. pylori was determined by PCR amplification. The sequences of the primers used are shown in Table 1 . To determine the cagA status, PCR was carried out using a previously reported method [21] .
Statistical analysis
The v 2 test was used to determine the differences between strains associated with different pathologies in the frequency of the presence of tester-specific sequences. The statistical analyses were performed with the statistical software SPSSÒ 11.0. A p value less than 0.05 was considered statistically significant.
Results
Identification of tester-specific DNA fragments
Genomic subtractive hybridisation was applied to identify DNA sequences specific for strain C1 (tester), which was isolated from a patient with gastric cancer. Cloning of the subtracted library into pCR II vectors resulted in hundreds of colonies. Dot-blot hybridisation was performed to test the specificity of the DNA fragments derived from 53 randomly selected clones (Fig. 2) . The nucleotide sequences of 11 of the 33 clones judged to be specific to the tester were determined and analyzed against the TIGR database (http://www.tigr.org) and GenBank database (http:// www.ncbi.nlm.nih.gov). The results are shown in Table 2 .
Two tester-specific sequences, clones P32 and F5, showed no significant DNA match to the sequences deposited in the database. Nevertheless, the deduced amino acid sequence of clone P32 showed a low degree of identity to the Dichelobacter nodosus GepA protein of unknown function (Fig. 3) . The G + C contents of clones P32 (30%) and F5 (34%) were lower than the average G + C content (39%) for the H. pylori genome, suggesting a likely horizontal transfer.
Five tester-specific sequences had a DNA match in only one of the sequenced H. pylori genomes ( Table  2) . Clones P29 and P1 were homologous to a H. pylori specific hypothetical protein (JHP0704) and ResI (JHP1297), respectively. The other three tester-specific sequences, clone F3, F10 and F17, matched to the intergenic sequences of H. pylori which were generated through insertion/deletion during DNA rearrangements.
The remaining four tester-specific sequences had DNA matches in both sequenced H. pylori genomes. For clones F1, F11 and F18, however, only patches of their sequences showed significant match with their corresponding homologues at nucleotide acid level, indicating marked variation in these three genes. For example, multiple alignment of clone P18 with mobA in strain 26695 and J99 revealed that the shared identity was Fig. 2 . Representative dot-blot hybridisation of products of subtractive hybridisation using genomic DNAs of H. pylori strains C1 as tester and 98587 as driver. The inserts of the clones, obtained through digestion and gel purification, were spotted on nylon membranes (Section 2) and probed with DIG-labeled genomic DNAs as indicated. The clones that were judged to be tester specific are circled. +, presence; À, absence; *Clone F3 showed 93% identity to the intergenic region between jhp919 and 920, which is located at rearrangement locus 3 (Alm et al., 1999) ; Clone F10 showed 91% identity to the intergenic region between HP0313 and HP0314 which is located within rearrangement locus 1; à Clone F17 showed 96% identity of 105 bp to the intergenic region between HP1432 and HP1433 which is located within rearrangement locus 7.
merely 44.0%. For clone F18, which was a protein homologue of H. pylori RpoB, its DNA sequence significantly matched with not only rpoB, but also HP0054, which is a variable locus.
Distribution of four tester-specific sequences among clinical strains
Using PCR, status of the tester-specific sequences, clones P32, F5, F17 and P18 were examined in 19 strains of H. pylori including the tester and the driver. The results showed all of the four sequences were present in the strain C1 (tester) but absent in the driver strain 98587, confirming the correct identification of the tester-specific sequences. Clones P32 and F5 were not consistently present in the strains examined (Table 3) , indicating it is most likely that they are not co-inherited. Several distribution patterns of these tester-specific sequences were observed (Table 3) , but none was associated with disease. Interestingly, All the strains from patients with gastric intestinal metaplasia were negative for clone P32.
Prevalence of clone P32 in the clinical strains of H. pylori
The status of clone P32 was further determined in an additional 53 strains, including 16 from patients with gastric intestinal metaplasia, 16 from patients with duodenal ulcer disease and 21 from patients with chronic gastritis. Clone P32 was present in 30.6% (22/72) of the clinical strains. The prevalence of clone P32 in strains from patients with gastric intestinal metaplasia, duodenal ulcer disease and chronic gastritis was 12.5% (3/24), 39.1% (9/23) and 38.1% (8/21), respectively. The proportion of clone P32 positive H. pylori strains in gastric intestinal metaplasia was significantly lower than that in duodenal ulcer (p = 0.036), or chronic gastritis (p = 0.036), indicating an inverse relationship between Table 3 Distribution of the strain-specific sequences among strains of H. pylori The frames were created at À2 as indicated by the highlighted letters. The identity between clone P32 and GepA was 39% and the identical amino acid residues between the two aligned sequences are indicated with *.
clone P32 positive H. pylori strains and gastric intestinal metaplasia.
The cagA gene was detected in 83.3% (60/72) strains of H. pylori. The clone P32 tended to be more prevalent in the cagA negative strains (50%, 6/12) than in the cagA positive strains (26.7%, 16/60), although the difference did not reach the statistical significance (p > 0.05).
Discussion
Individuals infected with H. pylori may develop divergent gastroduodenal pathologies. The genetic background of the host, environmental and bacterial factors may account for the varying clinical outcomes in the presence of the infection [22, 23] . In this study, the genomic contents of strains of H. pylori associated with gastric cancer or gastric intestinal metaplasia were examined and compared to those associated with duodenal ulcer disease. The results showed that clone P32 was less prevalent in strains of H. pylori associated with gastric intestinal metaplasia compared with those associated with duodenal ulcer diseases or chronic gastritis without intestinal metaplasia. It seems that clone P32 is not co-inherited with cagA, since its prevalence in the cagA positive strains and the cagA negative strains did not differ significantly. These results suggest that clone P32, a cagA -independent locus, represent a novel H. pylori marker inversely associated with gastric intestinal metaplasia, a precancerous lesion [24] . It is possible that the clone P32 negative strains of H. pylori have a genetic predisposition to cause gastric intestinal metaplasia. It cannot be excluded, however, that the absence of clone P32 merely represents an adaptive genetic change of H. pylori selected by the development of gastric intestinal metaplasia [25] . Whatever the case, clone P32 represents the first genetic marker capable of discriminating H. pylori strains associated with intestinal metaplasia from those associated with duodenal ulcer. This is important for the study of phenotypic differences between these two groups of strains. Further study is necessary to examine the nature and the function of the clone P32 locus.
Although two H. pylori strains (strains 26695 and J99) have been sequenced, a number of new genes absent from these two strains have been identified [26, 27] . For example, H. pylori genes coding for a putative type IV secretion system have been reported by Kersulyte et al. [27] . In this study, clone F5, in addition to the aforementioned clone P32, was identified as a novel H. pylori coding sequence present in a large fraction of strains examined. Acquisition of these genes may confer the bacterium with new traits for adapting to the changing environment of the human stomach and to the individual hosts of diverse genetic background [28] . The study also identified two other strain-specific genes including one (JHP0704) encoding a H. pylori specific hypothetical protein and the other (JHP1297) encoding a type III restriction enzyme. This confirms the previous reports that genes coding for H. pylori specific protein and restriction/modification systems are highly variable among H. pylori strains [16] . In addition to gene specificity, strain-specific sequences representing DNA rearrangements or sequence variants were also observed. These manifestations of genetic variation, however, were not consistently observed in the strains of H. pylori associated with gastric cancer and some of them were noticed in strains associated with duodenal ulcer as revealed by examination of the distribution pattern of four tester-specific sequences in 19 strains associated with different diseases. This indicates that strains of H. pylori associated with gastric cancer, like other strains, are markedly diversified in their genomic contents. Intra-host evolution of the bacterium during long-term colonisation of the human stomachs, under slightly different selection pressure between individual hosts, probably accounts for the genomic diversity between strains of H. pylori [29] .
